In this letter we present a search for Galactic red supergiant stars (RSGs) in the direction of the Inner Galaxy. A number of 94 targets selected from the 2MASS and GLIMPSE I North catalogs -via their blue extinctionfree Q1 and Q2 colors -were spectroscopically observed at infrared wavelengths (in H and K band at R ∼ 1000) and an extraordinary high detection-rate of RSGs (> 61%) was found. We identified spectroscopically 58 RSGs, based on their flat continua and large equivalent widths of the CO band at 2.293 µm (EW > 45Å). This increase corresponds to about 25% of previously known RSGs in the Galactic region 10
INTRODUCTION
Massive stars are good tracers of Galactic plane morphology and kinematics; they serve to map the metallicity gradient and chemical enrichment of the Galaxy, and to provide constrains on the uncertain upper part of the stellar mass function (poorly populated because these stars are short lived). The detection of massive stars is hampered by our unlucky position in the Disk, and, consequently, the high degree of (patchy) interstellar extinction (e.g., Messineo et al. 2010 Messineo et al. , 2011 .
In the last decade, several massive clusters rich in red supergiants (RSGs) were discovered between l = 26
• and 30
• , at a distance of ≈ 6 kpc; they contain 14, 26, > 16, > 13, and 7 RSGs, respectively (e.g., Figer et al. 2006; Davies et al. 2007; Clark et al. 2009; Negueruela et al. 2010 Negueruela et al. , 2011 , and are called RSGC clusters (RSGC1, RSGC2, RSGC3, RSGC4, and RSGC5). Their combined star forming activity constitutes a starburst that has a mass comparable to that of the Galactic center region, and they form the highest concentration of RSGs known in the Galaxy (they represent ≈30% of RSGs known at 10
• < l < 60 • , −1.
• 1 < b < 1.
• 1). It is most likely located at a Galactocentric radius of 3.5 kpc, at a location at which the near-end side of the Galactic Bar appears to interact with the Scutum-Centaurus spiral arm (e.g., Davies et al. 2009b; Habing et al. 2006) . This starburst could be a density peak of a large population of Disk RSGs, maybe in a ring-like structure surrounding the central Bar or in a more prominent arm. Rings of increased massive star formation are often observed in external galaxies, as well as concentrations of massive clusters at the intersection points of such rings and arms with bars (e.g., Davies et Mazzuca et al. 2008) . The Milky Way is a barred spiral galaxy, most likely with 4 arms (e.g., Benjamin et al. 2005; Drimmel & Spergel 2001 ); a possible ring structure at corotation has often been invoked, for example to explain stellar counts of giant stars and the luminosity function of Hii regions (e.g., Comeron & Torra 1996; Bertelli et al. 1995a,b) .
Our current knowledge on the Galactic distribution of RSGs is hampered by incompleteness, poor statistics, and lack of distances. Only ∼ 1000 Galactic RSGs out of a predicted population of at least 5000 RSGs are currently known (e.g., Gehrz 1989) . To put the likely association of such a concentration of RSGCs with the near-endside of the Bar in perspective, further searches for RSGs at positive Galactic longitudes are needed. A 3D mapping of RSGs in the inner Galaxy is possible for individually detected RSGs at moderate interstellar extinction (e.g., the near side), by using clump stars as distance indicators (Messineo et al. 2014b ). We, therefore, carried out a search for RSGs from the GLIMPSE I North catalog (Churchwell et al. 2009; Benjamin et al. 2003 ) and the 2MASS catalog (Skrutskie et al. 2006) .
In Sect. 2, we describe the sample, and in Sect. 3 the spectroscopic observations and data reduction. The spectra are analyzed in Sect. 4, and distances estimated in Sect. 4.2.1. The results are summarized in Sect. 5.
2. THE SAMPLE SELECTION We selected candidate RSGs by using a set of color criteria based on 2MASS and GLIMPSE data (Messineo et al. 2005 , and references therein). They are based on the Q1 and Q2 parameters and are independent of interstellar extinction. Q1 is a function of J, H and K s magnitudes, while Q2 is defined as a function of J, K s , and [8µm] magnitudes. The region 0.1 < Q1 < 0.5 mag and 0.5 < Q2 < 1.5 mag encloses 42% of the known RSGs (Messineo et al. 2014a,b) .
By using this criterion and an initial K s < 7 mag, we pre-selected 8813 point sources from the Version 2.0 of the GLIMPSE I North data release. By imposing A K s > 0.4 mag and a minimum luminosity (M bol < −6.1 mag) for an initial assumed distance of 4 kpc (i.e., K s < 4+A K s ), and good photometric quality, we reduced the sample down to 128 obscuredfar-luminous stars, of which we observed 94 stars. The targets are located between l = 10
• and 70
• (GLIMPSE I North, Benjamin et al. 2003; Churchwell et al. 2009 Spectra with the low-resolution red grism, and the 0. ′′ 6 wide slit, delivering resolution R ∼ 980 over the wavelength range λ=1.53-2.52 µm were obtained for 94 targets. For each target a minimum number of four exposures, nodded along the slit, were taken in an ABBA sequence. Typical integration times per frame ranged from 2 to 100 s (DITs×NDITs).
Data reduction was performed with IDL scripts and with the Image Reduction and Analysis Facility software (IRAF 6 ). Pairs of consecutive exposures were subtracted one from another and flat-fielded (with spectroscopic lamp flats). Traces were located in each reduced exposure. Xenon arc spectra (for the dispersion axis) and traces (for the spatial axis) were used to linearize the traces. For each target, traces were extracted from the reduced exposures, wavelength calibrated with lamp arcs, linearly dispersed in wavelength, and averaged combined with a 3 σ clipping.
Corrections for atmospheric transmission and instrumental response were done by dividing the spectra by a telluric standard (typically a B-type star) -taken at similar airmass as and within 1 hour from the target observation -and by multiplying them by a black body curve (at the temperature of the standard). A list of the 94 observed targets is provided in the electronic Table 1. 4. ANALYSIS 4.1. CO equivalent widths and water indexes In the works of Figer et al. (2006) and Messineo et al. (2014b) we demonstrated that low-resolution (R=1000) HK spectra allow to spectrally classify late-type stars within two subclasses and to separate RSGs from asymptotic giant branch stars (AGBs).
Spectra were corrected for interstellar extinction (Messineo et al. 2005 ) with an average (J−K s ) o = 1.05 mag and (H−K s ) o = 0.23 mag (this yields an initial A K s uncertainty of 0.075 mag, negligible for spectral classification). For the equivalent width of the CO-band at 2.293 µm, the continuum was selected in the range 2.28-2.29 µm, while the COband was measured in the range 2.285-2.315 µm. The median of the errors, estimated by shifting the continuum region, is 0.8 Å. Since giants and supergiants follow two different EW(CO)-versus-temperature relations, and giants have a narrower range of EW(CO)s than RSGs (see Fig. 1 ), we were able to identify late-type RSGs ( M0 I).
Mira AGB stars have generally strong water absorption at the two edges of the H and K-bands due to H 2 O in their envelopes, and especially their H-band spectra may display a highly curved continuum (e.g. Lançon & Wood 2000) . In order to distinguish between RSGs and Mira AGBs, we analyzed the shape of the dereddened spectra, and measured the depth of the H 2 O absorption. The water index is defined as in Blum et al. (2003) , with the water band at 2.0525-2.0825 µm and two continuum bands at 1.68-1.72 µm and Kleinmann & Hall (1986) . Giants have EWs below 45Å (horizontal line). Bottom: Histogram of EW(CO)s from the sample of 94 GLIMPSE targets (solid line). The long-dashed line shows a reduced sample, without the 12 stars with uncertain water measures and 14 stars with moderate water content. The vertical dashed line (EW=45Å) marks the adopted limit to classify highly-probable RSGs. Histograms are built with a bin of 2Å.
2.20-2.29 µm. Index= (100 * (1− < F H 2 O /F cont >)), where F H 2 O is the observed flux density and F cont is a fitted flux density with a bilinear fit to the two continua.
Water indexes range from −4.3% to 14.8% (see Fig. 2 ). For each star, a typical random scatter within 4.8% was measured with individual exposures. A total of 12 stars were not classified since their random scatters exceeded the estimated 1 σ for a gaussian distribution.
Spectroscopic RSGs
The resulting water indexes and EW(CO)s of targeted stars are shown in Fig. 2 , along with comparison values derived with the IRTF spectral library (Rayner et al. 2009; Messineo et al. 2014b) . Known classical Mira AGBs have an H 2 O index larger than 15%, semiregular (SR) AGBs and RSGs smaller than 10% (e.g. Blum et al. 2003; Messineo et al. 2014b ). Since SR variables appear to have EW(CO) < 44 Å, we conservatively call highly-probable RSGs those targets with H 2 O indexes smaller than 7.5% and EW(CO) > 45Å.
The sample contains an extraordinarily large number of highly-probable RSGs, 58 out of 94 stars. Among the remaining, a number of 14 stars show moderate water absorption (7.5% <H 2 O< 15% ), but there are no Miras (H 2 O > 15%).
Distances
For a subsample of 68 observed targets, including 47 spectroscopic RSGs, distances can be inferred using nearby red clump stars as primary indicators (e.g. Messineo et al. 2014b) . We used the method of Drimmel et al. (2003) . We selected by eyes well visible clump sequences, and analyzed their K magnitudes per bin of J − K color. The peak magnitude was measured with a Gaussian fit. We used an intrinsic (J − K) o of 0.68 mag (Babusiaux & Gilmore 2005; Gonzalez et al. 2011 ) and an absolute magnitude in K-band of −1.61 mag (Alves 2000) . Reported values range from M K =−1.54, −1.55 mag to M K =−1.72 mag (Messineo et al. 2014b , and references therein).
Typically, with UKIDSS (J − K, K) color-magnitude diagrams (Lucas et al. 2008 ) and fields of 10 ′ × 10 ′ , centred on the targets, the location of the mean clump sequence can be traced quite accurately (0.15 mag). The clump sequence allows us to derive distances as a function of interstellar extinction along each line of sight. The target distance modulus (DM) is estimated by matching the value of interstellar extinction of each target with that of clump stars along the line of sight. In Fig. 3 we show a few examples of clump sequences with 2MASS-UKIDSS data 7 . Since we targeted stars with K s < 4+A K s , as a result, absolute K s magnitudes decrease with increasing (J−K s ).
DISCUSSION AND CONCLUSIONS
A number of 94 stars with 2MASS-GLIMPSE colors typical of Galactic RSGs were spectroscopically observed at infrared wavelengths. Spectroscopic infrared measurements of water absorption and EWs of CO molecular bands have confirmed that 58 of these are highly-probably RSGs.
The longitude-latitude distribution of the new sample of RSGs is shown in Fig. 4 , along with other sources classified as RSGs (mostly from Skiff 2014) . We have increased the number of known RSGs in the range 10
• 1 at least by 25% -by only considering the sample of spectroscopic RSGs. For a subsample of 47 new RSGs, distances were inferred with red clump stars at similar interstellar extinction as the target (Messineo et al. 2014b) . The distribution of the observed targets on the XY plane is shown in Fig. 5 ; they appear located in the inner Galaxy at Galactocentric distances between ∼ 3 and ∼ 7 kpc, while the RSGCs are at a distances of 4-4.5 kpc.
Our current knowledge on the distribution of RSGs in the Milky Way and on Galactic metallicity gradients traced with RSGs is scarce. Studies of abundances in RSGs of the RSGCs have reported anomalous subsolar metallicities in disagreement with those from Cepheids (Davies et al. 2009b; Origlia et al. 2016) . However, because of poor statistics the authors were not able to distinguish between stochastic fluctuation of metallicity from cloud to cloud, systematic bias in the measurements, and/or real trends with Galactocentric distances and azimuthal positions. The newly discovered GLIMPSE RSGs towards the inner Galaxy uniquely have the potential to address this metallicity issue. They represent an homogeneously selected sample of RSGs; they go 1 kpc closer to the GC than the RSGCs and are distributed over a larger range of longitudes. In conclusion, they may serve as a bridge between the RSGs in the RSGCs at the near endside of the Galactic Bar (l=25-30
• ) and those in the 200 pc central ring of the Milky Way (l=±1.5
• ) (Davies et al. 2009b,a; Habing et al. 2006) . We plan to extend this search for RSGs to the central 10
• of longitudes with the GLIMPSE II and GLIMPSE3D catalogs (Churchwell et al. 2009 ).
Some new RSGs are associated with the Sagittarius-Carina and Scutum-Crux arms, as shown in Figure 5 . There is a concentration of 24 of them between 3 < X < 4 kpc and 1 < Y < 2 Kpc (l from 10
• to 22 • ); this concentration appears at the top of the innermost (Norma) spiral arm or may be part of a ring that meets the tip of the bar at 25-30
• (see for example Sanna et al. 2014) .
Most of the new RSGs will not be detectable with Gaia because of their faint V-magnitudes in crowded regions. Since kinematic velocities cannot be regarded as primary indicators of distances for objects in the central 4 kpc where non-circular motions are dominant (due to the presence of the Bar), photometric monitoring could provide independent measures of distances for those far-obscured RSGs that periodically pulsate and are not members of clusters.
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